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FLUORINE COMPOUNDS, INORGANIC, GERMANIUM

Germanium forms both a difluoride and a tetrafluoride. It also forms a stable hexafluorogermanate complex
ion, GeF2 − ;6, that is present in the aqueous acid and a number of salts.

1. Germanium Difluoride

Germanium difluoride [13940-63-1] is a white solid, mp 110◦C, and d23 = 3.7 g/cm3. This compound can be
vacuum distilled. In a mass spectrometer, ions corresponding to (GeF2)+n, where n = 1 − 4 have been observed
at 361–403 K (1). At higher temperatures, GeF2 disproportionates to GeF4 (g), Ge (s), and GeF (g). Presumably
the GeF [39717-71-0] formed is unstable and subsequently condenses and disproportionates. The initially
reported (2) orange-red solid becomes red-brown going finally to the black of metallic Ge. The difluoride
deliquesces (2) in moist air producing germanium(II) hydroxide (see Germanium and germanium compounds).
The difluoride is soluble in aqueous hydrofluoric acid and gives a solution having the reducing properties
expected of divalent germanium. GeF2 reacts with aqueous solutions of alkali metal fluorides to produce
trifluorogermanites (3), eg, cesium trifluorogermanite [72121-41-6], CsGeF3, and potassium trifluorogermanite
[7212142-7], KGeF3. The GeF− ;3 ion is oxidized to GeF either by oxygen in neutral solution or by its reduction of
H+ to hydrogen in hydrofluoric acid solution. Germanium difluoride is soluble in ethanol (2), forms a reversible
complex with diethyl ether (2), and forms a dimethyl sulfoxide complex [72121-40-5], GeF2·OS(CH3)2, which is
decomposed at 240◦C (3).

Germanium difluoride can be prepared by reduction (2, 4) of GeF4 by metallic germanium, by reaction
(1) of stoichiometric amounts of Ge and HF in a sealed vessel at 225◦C, by Ge powder and HgF2 (5), and by
GeS and PbF2 (6). GeF2 has been used in plasma chemical vapor deposition of amorphous film (see Plasma
technology; Thin films) (7).

2. Germanium Tetrafluoride

Germanium tetrafluoride [7783-58-6] is a gas having a garlic-like odor, a reported (8) triple point of −15◦C and
404.1 kPa (4.0 atm), and a vapor pressure near 100 kPa (ca 1 atm) at −36.5◦C. Germanium tetrafluoride fumes
strongly in air and is hydrolyzed in solution to form GeF2 − ;6 ions. Germanium tetrafluoride can be prepared
(8, 9) by thermal decomposition of barium hexafluorogermanate [60897-63-4], BaGeF6. Direct fluorination of
germanium has been reported to give GeF4 of higher purity (2). High purity GeF4 is also manufactured by
reaction of a finely powdered GeO2 suspension in H2SO4 with UF6 (10) or by the reaction of Ge metal or its oxide
with F2 or NF3 (11). COF2 has been used as a mild fluorinating agent to produce GeF4 from GeO2 (12). GeF4 is
used in ion implantation (qv) in semiconductor chips (see Semiconductors) (13, 14). Germanium tetrafluoride
acts as a Lewis acid (15, 16) to form complexes with many donor molecules. The tetrafluoride is commercially
available.
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3. Fluorogermanates

Fluorogermanic acid [16950-43-9] solutions, H2GeF6, are prepared by reaction of germanium dioxide and hy-
drofluoric acid or by hydrolysis of germanium tetrafluoride. Addition of potassium fluoride, barium chloride (9),
or other salts results in hexafluorogermanates such as potassium hexafluorogermanate[7783-73-5], K2GeF6,
or BaGeF6, both of which are stable at temperatures up to 500◦C where BaGeF6 starts to decompose to GeF4
and BaF2.

Germanium tetrafluoride produces hydrogen fluoride in aqueous acidic solutions. Hydrogen fluoride is
toxic and very corrosive. The OSHA permissible exposure limit (17) and the American Conference of Govern-
mental Industrial Hygienists’ (ACGIH) TLV for fluoride is 2.5 mg/m3 of air (18).
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